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Channel Apparatus for Focusing a Fluid Flow 

Technical Field 

The invention relates to a focusing channel device which focuses fluid 
5 containing micro particles so that the micro particles flow in a line. The channel 
device comprises a nozzle formed by left wall and right wall each of which comprises 
an inclination surface. The cross sectional area in vertical direction decreases from 
the entrance of the nozzle toward the exit of the nozzle. The shape of cross sectional 
view in horizontal direction is asymmetric for the central line in the length direction. 

10 

Background Art 

Currently, researches and commercialization of a point of care (POC) and a 
lab-on-a-chip (LOC) (which means a laboratory on a chip and is a technology for 
diagnosing various diseases in a small chip at a time) are actively carried out in the 
15 field of bio-industry. The LOC makes the experiment equipments used in various 
field such as, biology, medical science, pharmacology, and so on to be embodied on a 
single plastic micro-chip. Using the micro-chip, information of every single cells or 
particles existing in body fluids or solutions could be obtained and examined. 

In order to obtain information on cells or particles, cells(particles) should be 
20 flowed in a line in the channel. To make it possible, the process of focusing the fluid 
which contains the cells(particles) to pass through only a fixed area is necessary. 

Conventional focusing channel has a nozzle the width of which is narrowed in 
symmetry on both right and left sides of the channel. Due to the symmetry of both 
sides of the channel, cells(particles) entering the symmetrically narrowing channel 
25 simultaneously block the focusing channel, or two cells(particles) are combined into 
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one cell and flow as one cell. Thus, bottleneck phenomenon occurs as such. 

FIG. 1 is a photograph of red blood cells flowing in a conventional focusing 
channel composed of symmetric fixed walls. In FIG. 1, the oval mark indicates a 
point where two red blood cells enter the focusing channel at the same time and the 
5 bottleneck phenomenon occurs due to the symmetric shape of left and right walls in 
the focusing channel. 

FIG. 2 is a photograph of red blood cells flowing in a conventional focusing 
channel composed of symmetric fluid walls. In FIG. 2, two red blood cells also enter 
the focusing channel at the same time and the bottleneck phenomenon occurs due to 
10 the symmetric shape of left and right fluid walls in the focusing channel similarly to 
the case of FIG. 1 . 

These situations of blockage and combination of two cells(particles) into one 
in the focusing channel may cause an error in data analysis, and eventually deteriorate 
efficiency of the analysis devices. For instance, in the focusing channel used in 
15 device for diagnosis of cancer or diabetes by examining the flow velocity of red blood 
cells, above defects may cause the slowdown of flow velocity. Thus, it may be 
impossible to diagnose such disease precisely. 

The 'fixed wall' used herein means an actual solid wall formed on a plastic 
micro-chip in designing and manufacturing of the micro-chip. 

20 The term 'fluid wall' means a wall of fluid state. It does not form an actual 

wall in the micro chip. However, when flowing the fluids containing particles to be 
observed in the channel, buffer solution is also flowed in the left and right sides of the 
flowing fluids, and thereby the buffer solution serves as a wall. FIG. 3 shows a 
focusing process for fluids using the fluid wall. 

25 
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Disclosure of Invention 

The invention is suggested to solve the bottleneck phenomenon above 
mentioned. The inventors have confirmed that the above defects are solved if right 
and left sides of focusing channel are formed asymmetrically. 

5 Therefore, the object of the invention is to provide a focusing channel device 

for flowing a fluid without occurrence of the bottleneck phenomenon. 

Further, other object of the invention is to provide a micro particle analysis 
device using this focusing channel device. 

10 The invention relates to a focusing channel device wherein both sides of the 

channel are formed asymmetrically. 

More specifically, the invention relates to a focusing channel device which 
focuses fluid containing micro particles (e.g., blood cells, or bacteria) to flow through 
only a predetermined area so that the micro particles flow in a line, comprising a 
15 nozzle formed by left wall and right wall each of which comprises an inclination 
surface, wherein 

the cross sectional area in vertical direction decreases from the entrance of the 
nozzle toward the exit of the nozzle, and 

the shape of cross sectional view in horizontal direction is asymmetric for the 
20 central line in the length direction. 

The asymmetric left and right walls may be achieved by forming the 
inclination surface of one of the left or right wall, which forms the nozzle, closer to 
the entrance of the channel than the inclination surface of other wall.- 

It is preferable that the inclination surface of one of left or right wall is 
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formed closer to the entrance of the channel than the inclination surface of other wall 
by the diameter of particle. For instance, in order to observe red blood cells, the 
asymmetric left and right walls may be achieved by forming the inclination surface of 
the left wall closer to the entrance of the channel than the inclination surface of the 
5 right wall by 7 micrometer. 

In the invention, the left and the right wall may be fixed walls formed by solid 
material, or fluid walls formed by a flow of other fluids. 

In the invention, upper wall and lower bottom wall of the channel may be 
formed parallel. Otherwise, similarly to the case of the asymmetric left and right 
10 wall, the inclination surfaces of the upper wall and lower bottom wall may also be 
formed asymmetrically. 

In case that the upper wall and lower bottom wall are formed parallel, several 
micro particles may pass simultaneously in vertical direction. - However, if the 
channel is manufactured at an appropriate height, the micro particles in the channel 
15 may pass one by one in the vertical direction. For instance, if the channel device for 
analysis of red blood cells is manufactured to have a height of about 7 micrometer 
which is a diameter of red blood cell, the red blood cell may pass one by one in the 
vertical direction in the channel. 

The invention further relates to a micro particle analysis device comprising 
20 the focusing channel as mentioned above; a photographing means by irradiating light 
on the micro particles flowing in a line in the focusing channel and photographing the 
micro particles; and an image analysis means for analyzing the photographed image of 
the micro particles. 
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Brief Description of Drawings 

A more complete appreciation of the invention, and many of the attendant 
advantages thereof, will be readily apparent as the same becomes better understood by 
reference to the following detailed description when considered in conjunction with 
5 the accompanying drawings in which like reference symbols indicate the same or 
similar components, wherein: 

FIG. 1 is a photograph of red blood cells flowing in a conventional focusing 
channel composed of symmetric fixed walls. 

FIG. 2 is a photograph of red blood cells flowing in a conventional focusing 
10 channel composed of symmetric fluid walls. 

FIG. 3 illustrates fluid walls. 

FIGs. 4 and 5 are a cross sectional view and a perspective view of the 
focusing channel with fixed walls according to the invention, respective. 

FIGs. 6 and 7 are photographs of red blood cells taken by a device for 
15 examining red blood cells comprising a focusing channel according to the invention. 

FIG. 8 is a cross-sectional view of the focusing channel with fluid walls 
according to the invention. 

— Description of reference numerals for important part of the drawings — 

10: left wall 20: right wall 

20 30: nozzle 

A: inclination surface of the left wall 

B : inclination surface of the right wall 

L: difference between the positions of both inclination surfaces 
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H: height of the channel 



Best Mode for Carrying Out the Invention 

Hereinafter, preferred embodiments of the present invention will be described 
5 with reference to the accompanying drawings. In the following description of the 
present invention, a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the subject matter of the 
present invention rather unclear. 

r 

FIGs. 4 and 5 are a cross-sectional view and a perspective view of the 
10 focusing channel device according to the invention, respectively. 

The focusing channel device of the invention focuses fluids containing micro 
particles(e.g., bead, blood cells or bacteria) to flow through only a predetermined area 
so that the micro particles flow in a line. 

The device of the invention comprises a nozzle (30) which is formed by a left 
15 wall(10) comprising an inclination surface(A) and a right wall(20) comprising an 
inclination surface(B). The cross sectional area of the nozzle(30) in vertical 
direction is decreasing from the entrance of the nozzle toward the exit of the nozzle. 

The shape of cross sectional view of the channel device in horizontal direction, 
especially at the nozzle(30) is asymmetric for the central line in the length direction. 
20 In FIGs. 4 and 5, the inclination surface(B) of the right wall(20) is formed closer to 
the entrance of the channel device than the inclination surface(A) of the left wall(10) 
by distance L. The distance L between the inclination surfaces A and B may be set 
as appropriate. It is preferable that the distance L is set to be same with the diameter 
of the micro particle to be observed. 

25 The micro particles are passed one by one in the width direction of the 
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channel. However, in the vertical direction, one or more micro particles may pass 
together simultaneously. If the channel is manufactured at an appropriate height(e.g., 
not less than the diameter of the micro particle and not more than twice of the 
diameter), the particles may also pass through one by one in the vertical direction. 

5 The channel device of the invention may be easily manufactured with plastic 

materials. 

FIGs. 6 and 7 are photographs of deformed red blood cells flowing in the 
focusing channel which is applied to a deformation measurement device for red blood 
cells. It shows that due to the asymmetric shape of the left and right walls in the 
10 focusing channel, bottleneck phenomenon does not occur, and space between each 
particles are regular while they progress. 

In case of using fluid walls, asymmetry of the side walls is achieved by 
adjusting the position where the buffer solution is injected at both sides of the fluids 
containing the micro particles or the amount of the injected buffer solution. FIG. 8 
15 illustrates the focusing channel with the asymmetric fluid walls. As shown in FIG. 8, 
the inflow position for the buffer fluid on one side is closer to the entrance of the 
channel device than that on the other side. Thus, the asymmetric fluid walls is 
formed. 



20 Industrial Applicability 

« 

Using the focus channel device of the invention, the micro particles in the 
fluid are not combined with each other and passed through the channel one by one. 
Thus, blockage of the channel or combination and movement of several particles 
together does not occur. Therefore, precise results can be obtained when observing 
25 particles using the device of the invention. 
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